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Problem Studied and Principle Results
In this project, entirely novel methods were developed for generation, manipulation, and

detection of THz frequency, THz bandwidth lattice waves in semiconductors. Coherent control
over mixed lattice vibrations and electromagnetic waves caled phonon-polaritons, or simply
polaritons, was made possible through these developments. The methods open the way to a
versatile THz-bandwidth signal processing system.

First, a fully automated method for high-fidelity spatiotemporal femtosecond pulse
shaping was developed. In this method, a single input laser beam with a single ultrashort pulse is
transformed into many output beams, each of which has an independently specified pulse sequence
or other time-dependent optical waveform. The output beams can be directed to different regions
of a sample — i.e. different addresses on a device — for generation and control over polariton
waves. In this manner, spatiotemporal coherent control over THz signalsis achieved.

These developments have led the way to the dawn of polaritonics — fully programmable,
THz-bandwidth solid-state signal processing and control. Further work during the current grant
period has demonstrated the versatility and potentia of the polaritonics for fundamental and
practical applications.
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